ABSTRACT Five single nucleotide polymorphisms (SNP) of the chicken insulin-like factor binding protein 2 (IGFBP2) gene were selected to genotype a F 2 designed population with restriction fragment length polymorphisms and single stranded-conformation polymorphisms. The associations of the SNP and their haplotypes with chicken growth and carcass traits were analyzed. Results showed that the difference induced by the haplotypes derived from the 5 SNP was more significant than that by the single SNP in the genotype-phenotype association analysis. The haplotypes were associated with BW at hatch and at 21, 28, 42, 49, 56, and 90 d of age, as well
INTRODUCTION
A majority of the functions of the growth hormone are mediated by the insulin-like growth factors (IGF) in chickens. The IGF are important regulators in stimulating growth, protein synthesis, and cell proliferation and differentiation in a variety of cell types (King and Scanes, 1986; Scanes et al., 1999) . In serum of different species, over 99% of IGF molecules circulate as complexes to at least 7 specific and high affinity-binding proteins, which regulate bioactivity of IGF. Although IGF-binding protein (IGFBP) 3 is a major component and combines with more than 75% of the circulating IGF under most physiological conditions (Jones and Clemmons, 1995) , the IGFBP2 is sensitive to dietary protein level and may play an important role in the modulate the growthpromoting effect of circulating IGF-I by making the IGF-IGFBP complex in ruminant and chicken (Kita et al., 2002; Lee et al., 2005) . The structure of the IGFBP2 gene is conserved among mammalian and avian species (Ehrenborg et al., 1991; Schoen et al., 1995) . The chicken 2005 Poultry Science Association, Inc. Received for publication January 27, 2005. Accepted for publication April 24, 2005. 1 To whom correspondence should be addressed: xqzhang@ scau.edu.cn.
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as eviscerated weight with giblets (EWG), eviscerated weight (EW), and weights of heart, liver, and gizzard (HLGW) (P ≤ 0.01). The haplotypes were also related to BW at 7, 14, and 35 d of age, breast depth, carcass weight, and breast muscle weight (P ≤ 0.05). Significant and suggestive dominant effects of H1H5 diplotype were detected for BW at 7, 14, 21, 28, and 90 d of age, as well as breast depth, carcass weight, eviscerated weight with giblets, eviscerated weight, breast muscle weight, leg muscle weight, and weights of heart, liver, and gizzard. It was concluded that H1H5 was the most advantageous diplotype, and H4H10 was the negative diplotype for growth and carcass traits.
IGFBP2 gene spans approximately 38 kb and is located on chromosome 7 (Schoen et al., 1995) . It consists of 4 short exons and 3 long introns, encoding a 275-amino acid polypeptide hormone and is regulated by growth hormones (Schoen et al., 1995) . The chicken IGFBP2 gene is expressed in a majority of tissues, such as liver, muscle, kidney, heart, ovary, brain, intestine, and other tissues (Schoen et al., 1995) . According to Nagao et al. (2001) , in several tissues the concentration of IGFBP2 expression in fed chickens is lower than that of the chickens fasted for 2 d, showing that chicken IGFBP2 expression is different in different nutritional states. Besnard et al. (2001) reported that IGFBP2 expression increases in the processes of growth arrest and apoptosis in lung epithelial cells.
Single nucleotide polymorphisms (SNP), one base change including deletion, insertion, and substitution, play an important role in the transcription and translation of genes and affect function of protein. Laere et al. (2003) reported that a regulatory mutation in the IGF2 gene acts as a major QTL that affects muscle growth in the pig. The PstI polymorphism in 5′-untranslated region of the chicken IGF1 gene is significantly associated with lower egg weight and higher egg shell weight (Nagaraja et al., 2000) . A haplotype is a physical arrangement of SNP alleles along a chromosome (Olivie, 2003) . Haplotype-based methods offer a powerful approach to disease gene studies based on the association between the single SNP and the haplotypes (Altshuler et al., 2000; Sachidanandam et al., 2001; Gabriel et al., 2002; Knoblauch et al., 2002) . However, there are no reports describing polymorphisms for the chicken IGFBP2 gene, and association studies between diversities and production performances are also scarce.
Forty SNP were identified while scanning 3,578 bp of available sequence of the chicken IGFBP2 gene in 4 divergent populations of Leghorn, White Recessive Rock, Taihe Silkies, and Xinghua chickens by denaturing high-performance liquid chromatography (Nie et al., 2005) . In the present study, 5 SNP were selected from the 40 SNP to genotype a F 2 designed population. Associations of SNP and haplotypes with chicken growth and carcass traits were analyzed.
MATERIALS AND METHODS

Chicken Populations
The F 2 designed resource population was made up of reciprocal cross between White Recessive Rock and Xinghua chickens. White Recessive Rock chickens are fast-growing broilers, and Xinghua chickens are a slowgrowing Chinese native breed. The F 2 individuals were raised in floor pens and fed commercial corn-soybean diets that met NRC requirements. The BW was measured in grams at hatch and at 7, 14, 21, 28, 35, 42, 49, 56 , and 90 d of age. All 434 F 2 individuals (221 chickens were males and 213 were females) were slaughtered at 90 d of age. Shank length (mm), head width (mm), breast width (mm), breast depth (mm), body length (cm), breast angle width (degree), carcass weight (g), fat thickness under skin (mm), fat width (mm), eviscerated weight with giblets (g), eviscerated weight (g), breast muscle weight (g), leg muscle weight (g), wing weight (g), abdominal fat pad weight (g), head and neck weight (g); weights of heart, liver, and gizzard (g); and small intestine length (cm) were recorded. Shank length, head width, breast width, breast depth, and body length were measured with a vernier caliper. Breast angle width was measured with a breast angle caliper. Fat thickness under the skin was measured in the back near the tail, and fat width was measured between the leg and breast muscles. Fat thickness under skin and fat width were measured with a vernier caliper after dressing. 
Amplification and Genotyping
Three PCR primers were designed; the sequences were as follows:
Primer 1: forward 5′ -ACCGGTCTGAGAGCATCCTG -3′, reverse 5′ -GGGAAAAAGGGTGTGCAAAAG -3′; Primer 2: forward 5′-GGGCATTTATATCTGAGGAACAC -3′, reverse 5′ -GGCAAAGAGCAACCCAACAC -3′; Primer 3: forward 5′ -TTTGGTTGAGTCCTAGGCTTG -3′, reverse 5′ -GGCGTACTACACTGCAGAGG -3′; Primer 4: forward 5′ -ACCGGTCTGAGAGCATCCTTG -3′, reverse 5′ -GGGAAAAAGGGTGTGCAAAAG -3′.
Primer pair 1 was designed to amplify the fragment (540 bp) of the chicken IGFBP2 gene containing SNP G639A with accession number GI 758411. Primer pair 2 was used to amplify the fragment (379 bp) of the chicken IGFBP2 gene containing SNP G729T (AY 326194). Primer pair 3 was aimed to amplify the fragment (527 bp) of the chicken IGFBP2 gene containing SNP C1032T with accession number AY 326194. Primer pair 4 was used to amplify the fragment (141 bp) of the chicken IGFBP2 gene containing 2 SNP of T663A and G738A (GI 758411) ( Figure 1 ).
The PCR was performed in a final volume of 25 µL containing 1 µL of genomic DNA (2.5 ng/µL), 0.25 µL of each primer (25 µM), 0.5 µL of deoxynucleotide triphosphates (10 µM) mixture, 1.5 µL of MgCl 2 (25 mM), 0.2 µL of DNA polymerase (5 U/µL), 2 and 2.5 µL of 10 × reaction buffer on an ABI 2700 Thermal Cycler.
3 The following PCR profile was used: initial denaturation at 94°C for 4 min; 35 cycles of 94°C for 30 s, 61°C (primer pair 1) or 60°C (primer pairs 2 and 3), or 62°C (primer pair 4) for 30 s, and 72°C for 30 s; final elongation at 72°C for 5 min.
Five SNP were selected to genotype the 434 F 2 , 31 F 1 , and 30 parental chickens in the full-sib reference population. The G639A SNP with accession number GI 758411 was detected by digesting 7 µL of the 540-bp PCR product with 10 U of Bsh1236 I enzyme at 37°C overnight. Restriction patterns were visualized by electrophoresis of the digestion product in a 2% agarose gel stained with ethidium bromide. G729T with accession number AY 326194 was typed by digesting 7 µL of the 379-bp PCR product with 10 U of the Pvu I enzyme at 37°C overnight. Restriction patterns were visualized by electrophoresis of the digestion product in a 3% agarose gel stained with ethidium bromide. The C1032T SNP (AY 326194) was detected by digesting 7 µL of the 527-bp PCR product with 10 U of the Eco72 I enzyme at 37°C overnight. Restriction patterns were visualized by electrophoresis of the digestion product in a 4% agarose gel stained with ethidium bromide. Both T663A and G738A SNP with accession number GI 758411 were typed with single stranded-conformation polymorphisms (SSCP) by 12% polyacrylamide gel electrophoresis. The T663A and G738A SNP were confirmed by sequencing all PCR-SSCP profiles using an ABI 377 sequencer. 
Statistical Analysis
Data were analyzed by the GLM procedure of SAS 8.0, 4 and the genetic effects were analyzed by mixed procedure according to the following model:
where Y = the dependent variable, µ = the population mean, S i = fixed effects of sex, B j = fixed effects of batch, g k = genotype value, f x = family effect, and e ijkx = random error. Multiple comparisons were analyzed with least squares means. Values were considered significant at P ≤ 0.05 and are presented as least squares means ± standard error means.
Haplotype Construction
Haplotypes were constructed based on 5 SNP in all 434 experimental animals by use of the PHASE 2.0 programme (Stephens et al., 2001b) . The function of this program was to reconstruct haplotypes from the population data.
RESULTS
SNP Genotypes of the Chicken IGFBP2 Gene
The G639A SNP with accession number of GI 758411 was located in exon 2 of the IGFBP2 gene. Three genotypes were observed. The GG genotype exhibited 2 bands of 190 and 350 bp, and the AG genotype had 3 bands of 540, 350, and 190 bp, whereas the AA genotype had a single band of 540 bp (Figure 2A ). The next 2 SNP, G729T and C1032T (AY 326194), were located at intron 2 of the IGFBP2 gene. For G729T (AY 326194), 3 restriction patterns named GG (77/302 bp), TG (77/302/379 bp), and TT (379 bp) were visualized ( Figure 2B ). Digestion of the PCR product of C1032T with accession number AY 326194 gave rise to 3 restricted patterns named CC (50/477 bp), CT (50/477/527 bp), and TT (527 bp) ( Figure 2C ). The last 2 SNP were located in exon 3 and were T663A and G738A SNP with accession number GI 758411. These 2 4 SAS Institute Inc., Cary, NC. SNP were simultaneously typed with SSCP (Figure 3) . Five profiles (EE, BB, BD, EB, and ED) were observed in the gel picture. According to sequencing, EE bands represented A663A/G738G, BB bands represented T663T/A738A, EB bands represented A663T/A738G, ED bands represented A663T/G738G, and BD bands represented T663T/A738G. Based on the PCR-SSCP profiles and sequencing, the genotypes of T663A and G738A SNP were determined.
Association of SNP of the IGFBP2 Gene with Chicken Growth and Carcass Traits
The results of the factor analysis indicated that the genotypes of G639A were significantly associated with BW at hatch and at 7 d of age but were not associated with other growth and carcass traits. The genotypes of G729T were significantly associated with BW at hatch and at 42 and 49 d of age, and breast muscle weight but were not associated with other growth and carcass traits. The genotypes of C1032T were only significantly associated with BW at hatch and at 7, 14, 21, and 28 d of age. The genotypes of T663A were significantly associated with all growth traits and were significantly associated with breast width, breast angle width, carcass weight, eviscerated weight (EW), EW with giblets (EWG), breast muscle weight, wing weight, abdominal fat pad weight, head and neck weight, and small intestine length. The genotypes of G738A were also significantly related to all growth traits and most carcass traits except for shank length, head width, breast depth, body length, breast angle width, and fat thickness under skin (Table 1) . The results of the mixed procedure showed that there was no significant association of each of these 5 SNP with growth and carcass traits, except that the genotypes of G738A were significantly associated with hatch weight. Table 2 shows all haplotypes constructed from the 5 SNP. Ten haplotypes, with the minor allelic frequencies of above 1%, were identified based on these 5 SNP. Four main haplotypes, TTTAG, TTAGA, TTAGG, and TCAGG, accounted for 82.03% of the observations. Fortythree diplotypes were obtained based on these 10 haplotypes. Among them, the minor allele of 17 diplotypes was higher than 1%, and these 17 diplotypes totally accounted for 71.45% of the observations (Table 3 ). The main 8 diplotypes (>5%) consisted of the 4 main haplotypes. The mixed model analysis indicated that there was significant association of diplotypes with growth and carcass traits (Tables 4 and 5 ). Diplotypes were associated with BW at 7, 14, 21, 42, 49, 56, and 90 d of age; carcass weight; EW; weights of heart, liver, and gizzard (HLGW); and small intestine length (P ≤ 0.05). In addition, diplotypes were highly significantly associated with hatch weight, BW at 28 d, breast depth, and EWG (P ≤ 0.01). Meanwhile, there FIGURE 3. Polyacrylamide gel electrophoresis picture of the product of the primer 4. There were 2 single nucleotide polymorphisms of T663A and G738A. Five profiles (EE, BB, BD, EB, and ED) were observed from the gel picture. According to sequencing, EE bands represented A663A/ G738G, BB bands represented T663T/A738A, EB bands represented A663T/A738G, ED bands represented A663T/G738G, and BD bands represented T663T/A738G. For the T663A SNP, BD and BB represented T663T genotype, ED and EB represented A663T genotype, and EE represented A663A genotype. For the G738A SNP, ED and EE represented G738G genotype, BD and EB represented A738G genotype, and BB represented A738A genotype. 
Construction of Haplotypes and Their Associations with Chicken Growth and Carcass Traits
DISCUSSION
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Underline represents the negative diplotypes. *P ≤ 0.05. **P ≤ 0.01.
cass traits. However, there were significant associations of haplotypes with growth and carcass traits with the mixed model analysis. As a traditional approach for studying both trait association (marker vs. trait) and linkage disequillibrium (marker vs. marker), single-marker analysis has created many problems, such as noisy, unsatisfied, and obscured important localization information . Significant associations of the single SNP and traits were present by one factor analysis, but no association of the . Haplotypes were constructed with the 5 SNP and analyzed for the associations of diplotypes with growth and carcass traits. The H1H5 diplotype was found to produce much more meat than other haplotype combinations. Therefore, H5 may be the most advantageous haplotype for growth and carcass traits because of nucleo-tide substitution interaction (Putt et al., 2004) . Although there was no significant association between the single SNP and growth and carcass traits, haplotypes were significantly associated with them using the mixed model analysis. The current data showed that associations of haplotypes with growth and carcass traits were more accurate than those of single SNP with growth and carcass traits. This result implied that there was an interaction in different SNP, and the haplotypes generally provided more information content (heterozygosity) than one SNP did (Stephens et al., 2001a) . Thus, it was observed that haplotype diversity is preferred over one SNP, and the method of SNP selection based on maximizing haplotype diversity is preferred (Huang et al., 2003; Zhang et al., 2004) . Variations within genes have important implications for biological traits. Previous studies on the human genome have shown that SNP are associated with many common diseases in humans, such as coronary heart disease, diabetes, and cancer (Nickerson et al., 2000 , Garcia et al., 2001 . The SNP of the human genome could affect lipid metabolism (Garcia et al., 2001) . More and more studies have focused on chicken IGF, mostly because of important roles in chicken growth regulation, growth stimulation, protein synthesis, and cell proliferation. Amills et al. (2003) reported that the genotypes of the 4 SNP in the chicken IGF2 gene are associated with growth and feeding traits in chicken. In the present study, there were significant associations between SNP variation and growth and carcass traits. Three SNP, G639A (GI 758411) located in exon 1 and T663A and G738A (GI 758411) located in exon 2 of the chicken IGFBP2 gene, encoded the mature peptide. The potential associations of the haplotypes with growth and carcass traits showed that the chicken IGFBP2 is involved in growth and fat deposition (Besnard et al., 2001) . As an inhibiting factor, IGFBP2 can inhibit growth by regulating the biological activities of IGF1 (Duan et al., 1999) . The significant associations of haplotypes with growth and carcass traits might be produced by linkage disequilibrium among these 5 SNP. It might explain why no association was found between single SNP genotypes and growth and carcass traits simultaneously, but significant associations were found between haplotypes and growth and carcass traits with the mixed model analysis.
Recently, some QTL that affected growth traits have been detected in the whole chicken genome by use of many kinds of molecular markers. Some studies have shown that several QTL for growth are located on GGA7 between marker brackets LEI0064 and MCW0236 (74 kb to 30 Mb), which covers the chicken IGFBP2 gene (23 to 24 Mb). Some of these QTL contribute to an effect on egg shell strength and egg shell thickness (Sasaki et al., 2004) , and some affect egg yield, BW, and lean-bone ratio (Ikeobi et al., , 2004 Sewalem et al., 2002; Carlborg et al., 2003; De Koning et al., 2004) . Buitenhuis et al. (2003) found that there was a suggestive QTL on GGA7 between marker brackets MCW0236 and LEI0158, and this QTL affected chicken feather pecking behaviors. The significant associations of the chicken IGFBP2 gene with many growth traits, discovered by the present study, were consistent with former results that focused on QTL mapping on GGA7, which implied that this gene should be one of important candidate genes for chicken growth.
In conclusion, each of 5 SNP was significantly associated with the most growth and carcass traits with the factor analysis, but no association was found with the mixed model analysis. However, there were significant associations of haplotypes with growth and carcass traits with the mixed model. Associations of diversification genetically in the chicken IGFBP2 gene with complex traits provided information for elucidating the molecular basis of these associations. The associations between the allele or haplotype expression and chicken growth and carcass traits should be studied under different nutritional states.
